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(54) Abstract Title 

Borehole communication system 

(57) Downhole apparatus for measurement-while- 
drilling (MWD) comprises a transmitter 52 with a stack of 
parallel-connected transmit coils, and a receiver 51 with a 
stack of series-connected receive coils. The receive coils 
are smaller in size than the transmit coils but are 
otherwise similar, each coil having a winding (37, Fig. 3a) 
on a toroidal core (36) and screening provided by a 
copper sleeve and end plates (3?). The coils may be 
insulatedly mounted in a recess in a section of the drill 
collar (Fig.4a), or may be mounted along the axis of the 
drill collar (Fig,7e), or disposed in a pressure housing 
surrounding the drill collar (Fig. 8b). In use, the transmit 
coils can operate in an inductive mode to induce currents 
into the drill collar and drill string, and the coils also 
induce EM waves into the surrounding strata; 
alternatively, the transmit coils can be switched to a mode 
in which they are connected to the drill string so that they 
become a load coil for the drill string which acts as a 
dipole antenna (Figs.9a-c). 

The surface system has a drill string transceiver 
(40, Figs. 10a,b) and a riser/casing transceiver (41) which 
have similar toroid assemblies to the downhole 
apparatus. An EM wave receiver (104) with horizontal 
dipole antenna system is also provided at the surface. 
Data received by each of the three units (40, 41, 104) may 
be compared for verification. 

The system may have means for adjusting 
operating parameters in response to detecting 
environment-dependent conditions. An optimisation 
procedure (Figs. 13,14) may be used to adjust transmit 
power, carrier frequency, drive impedance, modulation 
type, data coding, and inductive versus dipole drive 
mode. 
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APPARATUS AND METHOD FOR DOWNHOLE TELEMETRY 

INTRODUCTION 



This invention relates generally to telemetry systems for Measurement While 
Drilling (MWD) well logging systems. 

Data about the type of and properties of geological formations being 
penetrated during drilling along with downhole drilling parameters and well bore 
direction is valuable to the petroleum industry. This data increases in value 
particularly if the data can be obtained in real time during the drilling operations' 
without having to remove the drill string from the bore hole. However, the downhole 
environment is extremely harsh including elevated temperatures, high pressures, and 
severe shock and vibrations. Drilling fluids are also highly abrasive. 

Systems capable of providing such real time data are typically referred to as 
"MWD" or Measurement-While-Drilling well logging tools and are serially 
mcorporated into a drill string above the drill bit. The system when applied to a 
borehole may be used at any time during the drilling of the borehole but is primarily 
used in providing real time transmission of large quantities of data gathered near the 
bit simultaneously while drilling. A data telemetry or telecommunications link 
capable of transmitting data from down-hole to ground surface instrumentation and 
capable of transmitting control data from ground surface to down-hole instruments is 
the heart of any MWD well logging tool. 

The measurement while drilling concept offers substantial incentives This 
concept will allow safer, more efficient, and more economical drilling of both 
exploration and production wells. 

The majority of systems in use at the present time use positive or negative 
pressure pulses in the drilling fluid to transmit data from the drilling location to the 
surface. This provides a very low data rate (generally up to eight bits per second) 

In US 2,354,887, US 2,389,241, and US 2,411,696, Silverman describes 
proposed MWD systems for collecting and transmitting data utilising the drill string 



and either toroidal transformers or insulated electrodes to induce electromagnetic 
currents in underground formations for both data collection and "well signalling". In 
US 3,793,632 and US 4,302,757, Still discloses methods utilising the drill string for 
data transmission with low frequency electromagnetic waves induced by toroidal 
transformers (virtual electrodes). Other electromagnetic wave transmission systems 
for establishing a data/control telemetry link between ground surface and down-hole 
instrumentation are described in: US 4,087,781, Grossi et al; US 4,348,672, Givler; 
and US 4,578,675, US 4,630,243, and US 4,739,325, MacLeod. MacLeod refers 
further to documents US 4,181,014, Zuvela et al; US 4,087,781, Scherbatskoy; US 
3,967,201, Rorden. The theoretical basis of utilising a drill string as an element for 
inducing electromagnetic waves or currents to communicate measurements from 
underground has been presented by J.R. Wait and D. A. Hill, in an article entitled 
"Theory of Transmission of Electromagnetic Waves Along a Drill Rod in Conducting 
Rock" IEEE Trans, on Geoscience Electronics, Vol. GE-17, No. 2, (5/79); and by K. 
Lee & G. Smith in an article entitled "Measured Properties of Bare and Insulated 
Antennas in Sand", IEEE Trans, of Antennas & Properties, Vol. AP-23, No. 5, (9/75) 
pp. 664-670, employing a Hertzian dipole. 

Many different types of electromagnetic wave (EM) telemetry systems have 
been proposed, postulated and even tried for MWD logging tools. There are two 
known commercially operating systems in use as of this time but these are only 
capable of operation on land based drilling sites. From the literature it is apparent that 
many of such EM telemetry systems would work if the conducting environment were 
homogeneous, and undifferentiated. 

However, the operating environment is quite differentiated and 
inhomogeneous. This is caused by the constantly varying electrical properties of the 
drill string, drilling fluid, earth's geological strata, and in the case of offshore 
locations, the water properties. The drill string properties vary with length, type of 
drilling fluid used and downhole temperature gradients. The drilling fluid properties 
vary with types of additives used for increasing the mud weight or improving 
lubrication qualities, and the downhole temperature gradient. The earth's strata vary 
with composition, depth, local, and the sequence and spacing of the different 
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fonnations. The water's electrical properties vary with temperature and salinity 
among other things. 

In summary, an EM data/control telemetry system linking an MWD logging 
tool to ground surface must not only survive elevated temperatures, high pressures, 
> severe vibrations and abrasions, it must be able to adapt and function in a constantly 
varying electrical environment. For sub-sea drilling operations, there is the additional 
burden of the sea-water surrounding the riser pipe, over perhaps 1000 metres below 
the rig. 

None of the prior references appears to address the specific problems 
associated with borehole telemetry ofihore. The distances achievable by the prior 
techniques are also found to be extremely limited. One reason for this is the 
exponential fall-off in signal strength, with increasing distance from the transmitting 
device down-hole, coupled with the limited power and size of the down-hole modules. 
MacLeod, for example, proposes repeater stations along the drill string, as a solution 
to this problem MacLeod also proposes that a pick-up toroid should be placed down- 
hole, at the foot of the casing. In mis way, signals need only be communicated the 
length of the un-cased borehole. On the other hand, the toroid cannot be recovered 
from such a position, and the provision of suitable cabling from the foot of the casing 
to the surface brings significant problems. In fact, the present inventors have 
recogmsed that, once the signal reaches the casing, it has a relatively smooth 
conduction path to the surface. Accordingly, it is possible to pick up the signal from 
the casing at the surface end, instead of or in addition to pick-up from the drill string 
itself. 

The main aim of the invention is to provide a high rate borehole data 
acquisition and communication system, operating in real time and able to dynamically 
adjust its transmission and reception parameters in accordance to changing 
env,ronmental parameters. A particular aim is to provide a system capable of use in 
offshore drilling situations, where known systems fail to operate. 
According to one embodiment, the invention provides a very low frequency (VLF) 
high data rate EM two-way telemetry system that links down-hole instrument 
measurements with a surface data acquisition system. The system contains both 



down-hole and surface central microprocessor units that continuously monitor their 
own electrical environment and communicate this data to the other. The central 
microprocessor units continuously monitor the conductivity of the transmission 
medium and adjust the transmitter and receiver parameters to the constantly changing 
electrical environment in which it is operating. The system uses this data to optimise 
the frequency, power output requirement, impedance matching and coupling 
requirement, and type of drive system required to allow high data rate reception 
between the two units. The data transfer system operates via the drill string, casing 
and conductor/riser pipe, or the surrounding strata and/or water, or all of these in 
parallel. The system generates the optimum required carrier frequency, adjusts to the 
required power output, selects proper impedance matching, coupling type and drive 
type, and digitally quadra-phase shift modulates the carrier frequency with the data 
signals. 

In the particular embodiments described, the invention provides a selectable, dual- 
mode of EM telemetry, using a toroid assembly that is either electrically connected to 
induce signal flow in the conductive medium, or connected to form a Hertzian dipole 
antenna for data transmission toroid-coupled data transmission system wherein the 
normal functioning of a conventional drill collar is not disturbed. A scheme utilising 
multiple toroids is used in the embodiments, instead of a single toroid, which brings 
particular advantages. The power required for a multiple toroid telemetry system is far 
less than that of a single toroid system. The power that can be coupled into the drill 
string is higher, without saturating the toroid core. Utilising a number of small toroids 
result in an increase in system performance over large single toroid systems. The 
impedance matching necessary in such a telemetry system is also much simplified. 

Another advantage of this scheme is the increased depth over which telemetry 
can be carried out with communication achievable over depths of six to ten km. 

A first aspect of the invention, aims to provide a novel toroidal coupled data 
transmission system wherein the toroid assembly is provided with an electrical 
isolation system, to prevent short circuiting the secondary of the data transmission 
system (the remaining drill string), which is highly rugged and practical for sustained 
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downhole operation, various specific configurations are disclosed in the 
embodiments described below. 

A second aspect of the invention aims to provide a novel toroid assembly for 
me transmit and/or receive toroids which will allow transmission of data signals 
5 threugh the drill pipe, the earth's strata, throngh water (if operating in an offshore 
envnnnmenr), and the atmosphere, either a. the same rime, or switchably. 

A third aspect of the invention aims to provide borehole data acquisition tools 
w«h an adjustable parameter electromagnetic wave communication link between 
down-hole measurement units and surfcce da* acquisition units for optimisation of 
10 the data reception rate of the system. 

A fourth aspect of the invemion aims to provide a multiple signal reception 
astern tha, will receive both the current signals transmitted via the drill string, casing 
and conductor/riser pipe and the electeomagnetic waves propagated through the 
earth's strata, water (if offshore lo cati„n) and rite atmosphere. In the embodiments 
drsclosed, microprocessor controlled receiver unite will compare fte two signals to 
ensure tha, all date bite are received, to select the signal tint, contains al, data bite for 
processing and/or to merge the signals to ornate a total bi, date chain fo, 
processing thus optimising the quality of reception. In the embodiments disclosed 
three dtfferent means of transmission reception are deployed in parallel. 
' A fifth aspect of the invention aims to provide a selectable dual teansminer 

dnve system contiolled for example by a central microprocessor control unit In 
certam of the embodiments disclosed, an electeonic stvitch is provided for changing 
from a toroidal coupled telemetry system to a dipo,e transmission system for 
optimtsmg date transmission and reception in different environmental conditions 

A stxflr aspect of the invention aims to provide a downhole telemetry system 
of whtch the majority of its components can be retrieved from down-hole, via a wire- 
hne retrieval too. through the internal bore of the drill suing in tire even, of a total 
downhole system failure or if the driH suing becomes stock in rhe well bore and 
cannot be retrieved. 

These ami outer aspects of the invention, which wil! hereinafter become more 
apparent, are each embodied in one or more of tire embodiments described below by 
provtding an .ntegrated Borehole Information System (IBIS ™ }> co a 
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modular constructed down-hole system and a surface data acquisition and control unit. 
The down-hole system is contained within a drill collar at the end of the drill string 
and above the drill bit The down-hole system consists of a power module, 
communication module, central electronics module and various drilling parameters 
and formation evaluation sensor modules. 

Included in the down-hole system are two multi-toroid assemblies coaxial to 
the drill collar and the borehole in the surrounding strata. 

In accordance with a seventh aspect of the invention, a transmitting toroid 
assembly consists of a number of individual drive connected in parallel to reduce the 
coupling losses and increase the current limits of the individual coils. The coils may 
each be wound to make a non-resonant system. 

In accordance with an eighth aspect of the invention, a receiving toroid 
assembly consists of a number of individual receiver toroid coils connected in series. 
The coils may each be wound to make a non-resonant system. 

As an alternative, or in addition to the use of series/parallel toroid assemblies, 
capacitive tuning may alleviate the voltage, current and magnetic flux requirements 
mecessary to couple sufficient power into the drill string. 

The individual driver and/or receiver individual toroids may be mounted on 
screens to reduce the capacitive coupling between the toroids and the drill collar. 

In accordance with a ninth aspect of the invention, toroid assemblies for 
borehole telemetry are electrically isolated from different sections of the drill collar by 
electrically insulating sub-assemblies ("subs") or gaps located above and below the 
assemblies which maintain a significant potential difference between different 

sections of the drill collar. 

The down-hole system is powered in the embodiments by the power module 
which contains a turbine/alternator (primary power source), volta.ge and frequency 
conditioning circuitry, battery charger and battery pack (secondary power source). 
The turbine/alternator is powered by the flow of drilling fluid through the bore of the 
drill string. The electrical output of the alternator is conditioned by a power supply 
and distributed to the various modules in the down-hole system. Battery back-up may 
be provided, to maintain communication when drilling fluid is not flowing. 



The communication module in one embodiment contains the VLF EM 
transmitter and receiver, drive switching circuitry, and impedance and conductivity 
measurmg circuitry. A central electronics module controls the functions of the 
communication module. 

The central electronics module contains the master microprocessor that 
functus as the command and control centre for the downhole tool. The processor 
calls up data for transmission from the measurement modules, in a pre-programmed 
sequence or on instructions from the surface system, codes the data, and sends it to the 
transmitter section of the communication module. The master processor also 
10 momtors the operating parameters of the other system modules and stores this data in 
memory to be retrieved when the system returns to the surface. The processor notifies 
the surface system when there is a malfunction in any of the system modules. 

As the system's operating environment is inhomogeneous the telemetry signal 
path's electrical parameters are continuously changing. These changes are due but not 
15 limited to such factors as increased drilling depth and changes in the electrical 
property of the formation (geological stratum), the drill string and/or the drilling 
fhud. The length of drill string below the transmit toroid assembly may change from 
run to run. The central electronics module continuously monitors the signal amplitude 
and signal-to-noise ratio that indicates the changes. The module also monitors the 
!0 receiver for transmitted data from the surface system. 

When the signal ! amplitude and/or the signal-to-noise ratio reach levels that 
would cause a reduction in data reception the module can adjust the transmitter 
operatmg parameters to optimise signal reception. The module can adjust the 
telemetry system carrier frequency, transmitter power output, transmitter drive mode 
(inductive or dipole), and transmitter drive impedance, or any combination of these 
parameters depending on which parameters in the telemetry signal path are affecting 
these levels, to optimise transmission. 

The central electronics module determines which parameters of the 
communication system require changing to optimise the telemetry process by 
measuring the signal current attenuation and the drive impedance of the telemetry 
system. Where a current induced in the drill string is detected at the surface the 
system measures the current attenuation of the telemetry path by comparing the 
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surface receiver toroid or other assembly output voltage to a fixed down-hole 
transmitter toroid assembly input voltage. 

In accordance with a tenth aspect of the invention, the telemetry path drive 
impedance may be measured by comparing the down-hole receiver toroid assembly 
5 output voltage to fixed drive conditions (i.e. carrier frequency and output voltage) of 
the adjacent transmitter toroid assembly. EM telemetry can be accomplished for 
example by either an induction type drive system or a vertical Hertzian dipole system. 
The invention can be implemented using either system. 

The central electronics module in one embodiment selects the type of 
,0 transmitter drive system to be used and electronically switches the transmitter toroid 
assembly from an induction drive method to a vertical dipole method. 

Sensor modules may be included to measure and process the data for such 
parameters as directional, shock and vibration, weight and torque-at-the bit, internal 
and annular temperature, annular pressure, internal and annular fluid flow, formation 
15 .esistivity and gamma ray properties as well as hole diameter, formation densxty and 
porosity, etc. The sensor modules in the preferred embodiment are stand-alone 
modules that contain a power supply, analogue to digital converters, microprocessor 
and the necessary control circuitry for proper operation on their own. The modules 
are of the "smart" design, that is each module is pre-programmed with the calibration 
20 and correction data for the specific sensors it monitors to allow the package to correct 
the raw sensor readings before sending the data to the main electronics module for 
coding and transmission. This reduces the amount of data to be sent to the surface 
thus allowing more sensor measurements to be transmitted in less time. This efficient 
coding, together with the higher data rates available relative to mud pulsing telemetry, 
25 allows data not previously available to be transmitted. Thus, for example, a safety 
module might monitor for early signs of gas, allowing operators to avoid a dangerous 
blow-out. 

The modules may be designed so that they can be run in any number or 
sequence without affecting the overall system operation. The modules may be 
30 programmed to identify themselves to the central electronics module when the system 
is initially powered up so it knows what modules it has control of. 
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The surfece data acquisition and control system in the embodiments comprises 
microprocessors, transmitter and receiver, antenna systems, interface circuitry visual 
display units, and data recorders. The system receives the transmission signal from 
the downhole system, processes and decodes it, and outputs the received data to 
5 specific displays and data recorder and storage units in formats useable by the 
operator. 

The surfece data acquisition system controls the total system operation via pre- 
programmed formats or operator input instructions. The surfece system also 
constantly monitors the surfece electrical environment and communicates the data to 
10 the downhole system to optimise the transmission parameters (signal to noise ratio), 
as described in more detail below. 

In implementing the fourth aspect of the invention as set forth above, the surface 
system in the disclosed embodiments uses three antenna systems for die reception and 
transmission of data. Two of the systems function for both data transmission and 
15 reception while the third antenna system is primarily for data reception. The first two 
systems each comprise * transmitter toroid assembly and a receiver toroid assembly 
One of the antenna systems is positioned around the drill pipe at the surfece and the 
other system is positioned around the conductor pipe or riser at the surfece The two 
systems communicate with the downhole system via current flow transmission in the 
' dnU Plpe and Wel1 Due *> «* mechanical and electrical properties of the 

conducing medium, at times there is less signal attenuation caused by the well casing 
man the drill pipe. At such times, signal propagation is more efficient in the casing 
than the drill pipe so both systems are used. 

In accordance with a further aspect of the invention, the pick-up of signals 
from the top of the casing or riser, whether by toroidal transformer or other means 
can be used beneficially independently of the other features of the system. 

The third antenna system consists of a horizontal dipole antenna for the 
receptton of the electromagnetic waves produced by the system. These waves 
propagate from the transmit toroid assembly into the surrounding strata, water (if at an 
offshore location), and into the atmosphere. These waves induce current flow in the 
antenna and are processed by the surface system. 
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The surface system in such an embodiment contains the circuitry to receive all 
three antenna system inputs, compare the data train to ensure that all data is received 
by one, two, or all three of the antenna systems, plus circuitry to amplify, decode, log 
and display the data. If no one antenna system receives a complete data train, due to 
electrical noise or signal attenuation, the surface system can combine the three data 
trains to produce a complete data train. 

One primary advantage of the novel transmission system is that it allows data 
reception rates higher than other systems. Another advantage is that the transmission 
system monitors the varying electrical parameters of the inhomogeneous conducting 
environment and adjusts its operating parameters to optimise the signal to noise ratio. 

A further advantage is that the system makes use of both types of waves 
produced in the propagation of electromagnetic waves in ensure reception of a 
complete data train. 

Still another advantage is that it provides a (relatively) high data rate two-way 
communication system between downhole measurement devices and surface systems 
to provide real time information of down-hole conditions during the drilling process. 

The invention further, provides a downhole telemetry assembly comprising a 
substantial cylindrical body having at least an annular zone of dielectric material, a 
toroid and a primary winding therearound located within said dielectric material in 
said annular zone but of lesser axial length than said annular zone, the primary 
winding being arranged for connection to an adjacent transmitting or receiving circuit. 
In one such assembly, the body is of metal and the toroid is positioned in an annular 
recess in the body, said sleeve co-operating with said recess to define an annular space 
within which said toroid is located and to define axial spaces between each end of the 
sleeve and the shoulders of the recess, and a dielectric material filling said annular and 
axial spaces. 

The body may be a drill collar in the form of an integral member, the toroid 
and sleeve are fabricated within the recess, and the dielectric material is a mouldable 
material moulded within said space so as to bond the toroid and sleeve in position. 
Alternatively, the collar comprises two parts removably secured together, the 
dielectric material is pre-formed in one or more co-operating parts, the toroid and 
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Primary winding being embedded in one of said parts, and said parts inter-fitting to 
trap the sleeve. 

Hie dielectric material is suitably mouldable, while having suitable 
mechanical strength, resistance to abrasion, and dielectric properties. One suitable 
material is Kevlar™ . 

In another form of the assembly, the collar is entirely moulded of dielectric 
material with the toroid(s) and primary windings) embedded in said collar during the 
moulding process. 

In yet another form of the assembly, the dielectric is formed into a hollow tube 
that has holes and slots moulded longitudinally around the inside diameter of the tube 
Plural toroids are stacked inside the tube with the electrical connections of each toroid 
fitting into one of the holes and slots. The electrical connections between the toroids 
are made by inserting ^conductive "slug" between the electrical connection of one 
toroid prior to the installation of the next toroid. 

In accordance with a further aspect of the invention, the assembled tube is then 
centralised in the inside bore of a steel drill collar which has a sub-assembly moulded 
of the dielectric affixed at its top thus electrically isolating the toroid from the 
remainder of the steel drill string. In this form the drill collar can also be made of the 
moulded dielectric, 

20 The invention further provides method, of downhole measurement substantially as 
described herein. 

In all of the described embodiments the toroid assembly is electrically isolated 
from the main drill string by insulation subs located in the drilling assembly above 
and below the toroid assemblies. Although not essential in theory, disarrangement 

5 mamtamS " SignifiCant el£CtricaI ^ence of potential between the two sections of 
the drill string allowing greater current transfer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention will now be described, by way of example only 
w.th reference to the accompanying drawings, which are briefly described as follows. ' 
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Fig. la is a longitudinal cross-section of the typical offshore drilling apparatus 
in the oil industry, including a downhole instrumentation and telemetry system 
generally embodying the present invention. 

Fig. lb is a longitudinal cross-section of the downhole instrumentation and 

telemetry system of Fig. la in more detail. 

Fig. 2 is a plan view of a drilling rig at the surface using the downhole 

instrumentation of Fig. la. 

Fig. 3a is a longitudinal cross-section of a toroidal transformer used as a 

transmitter in the downhole system of Fig. la. 

Fig. 3b is a longitudinal cross-section of a toroidal transformer used as a 

receiver in the downhole system of Fig. la. 

Fig. 3c is a longitudinal cross-section of a toroid assembly utilised as either a 
transmitter or receiver assembly in the downhole system in Fig. la. 

Fig. 3d is a perspective view of a toroid assembly utilised as either a 
transmitter or receiver assembly in the downhole system in Fig. la 

Fig. 4a is a longitudinal cross-section of an assembly embodying a toroid 
transceiver assembly that is moulded around the outer diameter of a steel drill collar. 
Fig. 4b is a transverse cross-section through the assembly of Fig. 4. 
Fig 4c is a longitudinal cross section of an alternative assembly including 
separate receiver and transmitter toroid assemblies moulded around the outer diameter 

of a steel drill collar. 

Fig. 5a is a longitudinal cross-section of second embodiment of a transceiver 

toroid assembly in a drill collar moulded of a dielectric. 

Fig 5b is a longitudinal cross-section of third embodiment of a transmitter 
toroid assembly and a receiver toroid assembly moulded in separate dielectric drill 
collars. 

Fig. 6a is a perspective view of a fourth embodiment of a toroid assembly. 
Fig. 6b is a perspective of the assembly of Fig. 6a 

Fig. 6c is a longitudinal cross-section of a transceiver toroid assembly 
30 moulded in a dielectric sleeve for use in the assembly of Fig. 6a. 

Fig. 6d is a longitudinal cross-section of embodiment of Figs. 6a-6c. 
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Fig. 6e is a longitudinal cross-section of separate transmitter and receiver 
toroid assemblies moulded in respective dielectric sleeves, that can be used in the 

embodiment of Fig. 6b and 6c in lieu of the transceiver toroid assembly shown in Fig 
6c and 6d 
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Fig. 6f is a longitudinal cross-section of the the complete toroid and drill collar 
assembly in the embodiment of Fig. 6e. 

Fig- 6g is a perspective view of a single receiver or transmitter toroid 
transformer embedded in dielectric material. 

Fig. 6h is a longitudinal cross-section of the transformer of Fig. 6g. 
Fig. 61 is a perspective view of the assembled embodiment using the single 
toroid transformers of Fig. 6g to form the receiver and transmitter assemblies for use 
on the assembly shown in Fig 6a and 6b in lieu of the other embodiments shown in 
Fig. 6c through 6f. 

Fig. 7a is a perspective viewprior to assembly of yet another embodiment of a 
separate receiver toroid assembly for centralised installation inside a drill collar. 

Fig. 7b is a perspective view prior to assembly of another embodiment of a 
separate transmitter toroid assembly for centralised installation inside a drill collar 

Fig. 7c is a longitudinal cross-section of the complete transceiver toroid 
assembly in the embodiment of Figs. 7b and 7c. 

Fig. 7d is a perspective view of a steel drill collar assembly for housing the 
toroid assemblies of Figs! 7a- 7c. 

Fig. 7e is a longitudinal cross-section of the embodiment of Fig. 7a through 
the complete toroid and collar assembly of Figs. 7a-7d. 

Fig. 7f is a longitudinal cross-section of a moulded dielectric drill collar 
assembly as an alternative for housing the toroid assemblies of Fig. 7a through Fig. 
7c. 

Fig. 8a is a perspective view of yet another embodiment of a transceiver toroid 
assembly for installation inside a drill collar assembly. 

Fig. 8b is a longitudinal cross-section of the assembly of Fig. 8a. 

Fig. 8c is a perspective view of an alternative embodiment havingseparate 
receiver and transmitter toroid assemblies embodied generally in the same method as 
that shown in Fig. 8a and 8b. 



14 



Fig. 8d is a longitudinal cross-section of a complete collar assembly housing 
the toroid assemblies of Figs. 8a through 8c. 

Fig. 8e is a longitudinal cross-section of another collar assembly housing the 

toroid assemblies of Figs. 8alhrough 8c. 

Fig. 9a is a perspective view and schematic of a collar and toroid assembly, 
including electrical switching provided to enable the system to automatically switch 
from one type of transmitter drive to another to optimise signal reception. This type 
of switching is incorporated into the preferred telemetry system, no matter what toroid 

assembly embodiment is used. 

Fig. 9b is an equivalent circuit representation of the downhole transmitter as 

depicted in Fig. 9a when switched to induction mode. 

Fig. 9c is an equivalent circuit representation of the downhole transmitter as 
depicted in Fig. 9a when switched to dipole mode. 

Fig. 10a is a block diagram showing the surface system of this invention. 

Fig. 10b is a block diagram of the surface receiver and transmitter section of 
the invention 

Fig. 11 is a functional diagram of the surface and downhole transmitter system 
for this invention. 

Fig. 12 is a functional diagram of the surface and downhole receiver system 
for this invention. 

Fig. 13 is a flow chart of the downhole transmitter optimisation process 

Fig. 14 is a flow chart of the of the in-operation frequency optimisation 

process. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Figs, la and 2 show respectively a cross-sectional and plan view of a well 1, 
drilled by a conventional offshore drilling rig 10 that includes a riser pipe 2, casing 
12 A drill pipe 20 (also known as drill string) is composed of a number of threaded 
interconnected tubular pipe sections carrying at their lower end drill collars 21 that 
include a modified drill collar 23 with insulator sub-assemblies (subs) 22 at the top 
and bottom terminated by a drill bit 24. The drill bit is rotated to the right by 
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convention means as more drill pipe is added to «he drill string 20 to advanee the 
depth of the well 1. 

Mud pnmps (not shown) pump drilling fluid 4 down the well 1 through the 
tns.de hore of the drill aring 20 ami out through the drill bit 24. He fluid 4 rerun* K, 
5 the surface via the annuls 3 between me drill string 20 and the well bore 1 The 
dnlling fluid lubricates and cools the drffi bit, transports me strati, cutrings to me 
surface, turd prevents me strata If fluids and ptessure from intntding into me well 
bore. The composition of the drilling fluid is varied depending on the type of atrara 
and the expected formation pressure to be encountered when penetrating the strata 

Rotary drilling systems typically include a casing pipe 12 extemiing down the 
bore hole of the well 1 ,o isolate the w „ from aquifers ^ ^ ^ of 
confuting stiati. types or conditions. In the case of an oftshom we U , a riser pipe 2 is 
run from the rig floor to a template on the seabed ami me casing 12 is run through .he 
inside of the riser pipe. 

Fig. lb shows in mom deteil fee information-while^riUing system, which 
mcludes a downhole insfrumentetion and communication system 25 located in , he 
modified drill collar 23 at the bottom of drill string 20 above drill bit 24. 

Fig. 2 shows how a surface date acquisition and communication system 50 is 
copied to the top of drill suing 40 attd riser or casing 41 a, the surface. The surface 
system is also coupled to the downhole system via a horizontal dipole antenna system 
42 a, the surface. Basically me dow*h„,e system 25 meaames drilling pammeters and 
stiata 16 characteristic* and conveys me data in tea. time ,„ th. surface date 
acquisition system SO via drill collara 21, drill string 20, casing ,2, riser 2, water ,5 
and various earth strata U. The drill collara 21, drill atiing 20, casing ,2 and riser 2 
provtde the necessary conductive path between the systems. 

In this embodiment, the communication system uses two totoid assemblies 51 
and 52, one designed transmission (52) and the outer designed for teception (51) 
Eac* toroid assembly consists of a number of individual toroid transformers 34 (for 
transmission, or 35 (for reception) electrically connected together to form the 
assembly. Tlte tomid assemblies in the present embodiment ate positioned a, vertical 
intervals coaxially encircling the drill collar. 
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The downhole module assembly 25 is shown packaged and installed in a 
specially modified drill collar 23 that provides housing for the attachment of the 
various components of the system. The module assembly 25 is concentrically 
maintained and electrically isolated from the interior of the drill collar 23 by 
stabilisers (also referred to as centralisers) 29 moulded in this example of resilient 
dielectric materiaL 

The down-hole modules are housed within pressure shells moulded of 
dielectric material (in the same manner as that described below for the embodiment in 
Fig. 7a), that provides a protective environment for the circuitry contained within. 
Centralisers 29 position the modules 25 in the internal bore of the drill collar 23. The 
housings and centralisers are designed to minimise restriction of the flow of drilling 

fluid 4 within the drill string 20. 

The module assembly 25 consists of a series of individual modules 
mechanically and electrically linked together. Some of the modules that make up the 
assembly are a power module 43, data communication module 28, main electronics 
module 44, drilling safety module 45, drilling management module 46, lithology 
logging modules 47, directional module 48, etc. 

The power module 43 consists of a turbine/alternator, power supply, battery 
charger, and rechargeable battery pack. As the voltage and frequency output of the 
alternator varies widely, the power supply rectifies, filters, and regulates the output to 
supply stable power to the down-hole modules and battery charger. The battery is 
used as a secondary power sources in cases of a turbine/alternator or power supply 
malfunction during operation. The battery is also used as a power source for the 
down-hole system if communication is desired for selected data at times when there is 

no drilling fluid flow. 

The data communication module 28 includes a variable frequency and power 
output phase modulated transmitter for driving the transmitter toroid assembly 52 and 
a receiver for processing signals from the receiver toroid assembly 51. Also included 
is a mode switch for selecting the transmitter drive type, impedance matching 
, circuitry for tuning the transmitter output to the telemetry path impedance, and 
required power supplies. The data communication module 28 also includes the 
receiver that filters, amplifies, and demodulates signals derived from the receiver 
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toro i das^ bly3 5W m i tte db yth e S u rf a C e systenl5 o. The communication module 

28 sends the demodulated signals to the main ..ecfionics module 44 for decoding and 

execuuon of the instructions sent from the surface system 50. 

The main Monies module 44 indudes a computer for confining 

fi-ncfions of the telemetry system, monitoring and storing opemtional parameters of 
«he other modules, coding da* for tmmmussion, decoding ^ ^ ^ 
execufing mstmedons from the received dan, The module consols the frequency and 
power oufpu. through a variable flequenoy osciUator and a varfaMe output power 
supp.y contained with in «he fransn,,*, The module selec* tetany carrier 
frequences over a range of 2 Hz ,o . 00 Hz in se4ec*b.e increments and transmitter 
output power over a range of 1 wart to 2.5 k W, again in se.eo«ab.e incremertts The 
module also controls the mode swftch and impedance matching circuitry of the 
transfer and controls pre-programmed timing windows for receiving transmissions 
irom the surface system 50. 

^ The main electronics module 44 also includes a system cloc* circuit tha, is 
synchronised to the surface system cloc* crmui, prior to being run into the bore ho.c 

C ° ,0Ck * *» ™ each data measurement recorded in 

memory in the corresponding sensor module. The time stemp aUows stored data to be 
correlated to surface da*, such as depfir, when the recorded da* is relieved at the 
surface, ^^temciockalsocontrolsm.^,^^^^^^ 
are pre-programmed prior to the system being run lute me bore hole. The rime 
wtndows are specific times a, which the down-hole system ceases ^ 1aBsmisskm „ 
*w *>wn-ho,e receiver to receive da* fiom fire surface system. To ensure 
surface da* is transmitted a, fire specified time the down-ho.e system afso transmits a 
da* stnng to the surface system notifying mat i, is ready to receive da* 

The sensor modu.es 43, 45 and 46 (but no, .united to these), contained in fire 
modme asscmb.y 25, process me da* ft™, me sensors 60 and transducers 6, and 
send the processed data to me main Cecfronics modtde 44 to bo coded for 
h—ion to me smface. The main Cecfionics module 44 sends the coded da* to 
the communications module 28 for transmission. 



18 



The drilling safety module 45 measures such data as, but not limited to, natural 
gas content of drilling fluid 4, poison gas content of drilling fluid 4, well annulus 3 
and drill string 20 bore pressure, and well annulus 3 and drill string 20 temperature. 

The drilling management module 46 measures such data as, but not limited to, 
bit 24 temperature, drilling fluid 4 annulus 3 and drill string 20 bore flow rate, drill 
string 20 shock and vibration, weight at the bit 24, torque at the bit 24, and well bore 1 
diameter. 

The lithology logging module 47 measures such parameters as, but not limited 
to, formation 16 gamma, resistivity, density, porosity, and pressure. 

The directional module measures 48 such parameters as well 1 direction, well 
inclination, and the high side of the well bore. Some of the parameters are measured 
by sensors contained within the specific modules pressure housing 90, for example 
drill string bore pressure, temperature and flow rate, formation gamma, density and 
porosity, and bore hole directional data. Other parameters measured require the 
sensors to be contained within the drill collar or special sensor subs, for example bit 
torque, formation resistivity, and bit weight. 

A modified steel collar sub 49 is attached to the bottom end of the collar 23 to 
receive the power module 43. Several sensors 60 and transducers 61 are attached to 
the sub 49 at various locations for measuring some of the drilling parameters. The 
sensors and transducers are electrically connected to the module assembly 25 via 
wiring harness 26 and fluid-to-air connector 27 in the power module 43. 

Further circuit and operational features will described below, with reference to 

Figs. 9-12. 

Referring to Fig. 3a, each individual transmitter toroid transformer 34 consists 
of a toroid of ferromagnetic core 36 around which is wound a number of turns of an 
insulated conductor 37. The toroid coil is screened 38 by the use of a copper sleeve 
and end plates. Ten of these coils 34 are electrically connected in parallel forming a 
transmitter toroid assembly 52 (see Figs. 3c and 3d). 

In a like manner the receiver toroid assembly 51 consists of a number of 
individual toroidal transformers 35, shown in Fig. 3b. These are constructed in the 
same manner as the transmitter toroids but are of smaller size as they are not required 
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<oha„d 1 e S uch I ar g ecune*, Ten of these coils 35 are e.ecrrically connected in series 
to form a receiver toroid assembly 51. 

Both the transmit 52 and receive 51 assembfles are located coaxially to the 
dnl! c„„ar, either encirding or within the collar, depending on the embodiment Tbe 
5 „g 38 is used ,o overcome me capacitive couphng effect between me eoi. and 
the dnl. ooUar. The use of a number of cons connected in parallel ,o form the 
transmitter toroid 52 mhen of a singte mroid of sufficient com mass is ,o overcome 
•he loose cou pI mg effect of the toroid to Ore coUar due to the high impedance of the 
return eurren, pa* of svstenL ^ ^ . 

.» output cmtent to be used ,„ drive the assembly while attire same time reducing the 
mductence seen by the transmitter because of very low mutua, coupUng Also 
magnetic saturation of the core materiaJ sete a fundamental limit on tire curren, that' 
can be induced in the drill string. 

The toroidal transformers are virtual electrodes which enn inductive* couple 
alternating omrent 31 flowing in the coi, «o the dri,, coUar 21 ami vice versa The 
transmitter toroidal transformer assembly 52 generates a, alternating enrren, flow 31 
in tire encirded dri.l co„ar 21 in response to an alternating current flow in its coi,' 
wndmgs. This current flow 30 is also propagated i«o the surrounding stiata The 
current flowing in me dril. suing flows offme dri., suing and onto the outside of the 
» casmg 32 in tire cased section of «he well bore via !ow impedance. Due to tire 
characteristics of the cased sections, current wfll flow virmafly unattenuated along the 
outs.de of tire casing in preference ,o Mowing an attenuating pad, aiong me dri.l 
suing. 

The Cttrren, fl owing jn ^ toroid fi ^ 

magnetic waves 30 around tire coil ttra, are also propagated into me driU collar dri., 
sttmg and srurounding shate. Date acquired from me dorvnhole sensor modutes can 
be ttansmitted ,o tire surface by modufcong tire ahemating currente in tire toroida. 
transformers. 

When a teroida. Uansformer is used as a receiver, an ahernaung curren, flow is 
■nduced m tire coi, windings by tire flow of tire ahemating curren, in the drifl coUar 

Dam perteining to tire tithoJogy of tire surrounding steata as well as drifling 
parameter data acquired by tire down-ho,e mo d„,e assemb.y 25 must be 
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communicated to the surface system 50. To accomplish this, the transmit toroid 
assembly 52 is utilised to convey the data to the surface system 50 by inducing phase 
modulated alternating currents in the drill collar 21 and the drill string 20 for reception 

by the surface system 50. 

Command and data signals originating in the surface system 50 must also be 
communicated to the down-hole module assembly 25. Again, the drill string 20 is 
utilised as a conductor of the data signal phase modulated alternating current for the 
purpose of communication. In this case the receiver toroid assembly 51 of the down- 
hole system receives the transmitted surface signals. 

The data can be received at the surface in several different ways. One method 
is to couple the surface system to the drilling assembly by use of toroid assemblies as 
described that encircle the drill string 40 and/or casing/riser 41 at the surface. Another 
method is to use a horizontal dipole antenna 42 to receive the data transmitted by the 
magnetic waves 30. 

A return path for the modulated alternating currents transmitted in the drill 
string 20 is provided by the drill string being grounded to the drilling rig through the 
its contact with the kelly, hook, travelling block, draw works, the rigs earth ground 
and through the earth's strata and back to the drill bit. 

In Figs. 4a and 4b, a combined transmitter and receiver toroid assembly 
comprises a drill collar 21, which has an annular undercut in which it receives a 
dielectric material 39, and a toroid assembly 34, 35. The toroid assembly ,s 
comprised of a number of individual toroids, which are connected electrically e.ther m 
parallel or series, dependant on whether it is a transmit assembly 34 or a receive 
assembly 35. The assembly is connected via wiring harness 26 and fluid-to-au 
electrical connector 27 to a data communication module 28 that contains the 
transmitter and receiver circuitry. 

The toroid assemblies 34, 35 are suitably made in sheet form, wrapped in 
position around the collar 21, and have their ends butt-joined by welding or soldering 
to form closed shapes. In this embodiment the dielectric material 39 is applied by 
vacuum moulding techniques. 
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Tne toroid assembly 51, 52 is insulated from ^ ^ by ^ J9 ft 

will be noted ft* the toroid assemblies 51, 52 and the sieve are of the same axial 
extern, and tha, these are spaced a, either end from the shoulders of the collar by a 
substential volume of dielectric. Tnese features are of importance for various reasons 
snch as mainlining a difference of potential between different section of the drill' 
cohar and ,„ prevent short chanting ,he transmission system, mat is, the remaining 
dnH string. The drill string is in practice grounded at the surfcee end, as mentioned 
above. 

The assembly shot™ in Kg. 4c is similar to the one described above, except 
that the receiver 51 a*l transmitter 52 toroid assemblies are moulded in separate 
sections on the drill collar 23. 
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The assembly of Fig. 5a is similar to those described above, but with the 
following modification. 

The main drill collar 23 and annular dielectric material 39 of Fig 4a and 4b 

ate replaced by a unitary dielectric drill collar 7» in which the toroid assembly and 

screening sleeve are encapsulated. As the dielectric is a material which has suitable 

mechanical strengm, resistance te abrasion and dielectric properties and can be 

moulded or cast make mis embodiment possible. Kevlar ™ * one such materia| A 

modified steel sub 49 is attached to the Attorn end of the collar to house the power 
module 43. 

Tie embodiment shown in Fig. 5b again is of similar design wi th Ihe 
exception that the co.hr 23 la mamrtacturer, of dielectric 3, as two separate sections 
Tne top section contains the receiver toroid assembly 51 and the lower section 
contains the transmitter toroid assembly52. The toroids 35 and copper shields 3 S arc 
shown only schematically in Fig. 5b. 

Turning tt> the entbodiment of Figs. 6a to od, this is of similar geometry ,b the 
above embodiment, like reference numerals being used to denote like parts. In this 
embodtment, however, the collar comprises a steel main mandrel body 70 and a steel 
end member 71 screw-threadedly engageable therewith to define the annular recess 
and the dielectric comprises a main sleeve body 72 engageable butt-wise with end 
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member 71. The toroid assembly (51 and 52) is moulded into the main body 72. The 

dielectric parts in this embodiment do not require being moulded in-situ and can thus, 

for example, be injection moulded. 

This embodiment can readily be assembled and disassembled as indicated in 

the drawings. This simplifies repair, but at the expense of greater complexity and 

production cost in comparison with the first embodiment. 

The embodiment of Fig. 6e and 6f is similar to those described above, but two 
separate sleeves replace the single sleeve 72. The upper sleeve 73 contains the 
receiver toroid transformers 35 encapsulated in the dielectric 39. The bottom sleeve 
74 contains the transmitter toroid transformers 34 encapsulated in the dielectric 39. 

The embodiment of Fig. 6g through 6i is also similar to those described above 
except that the sleeves 72,73, and 74 are replaced by ten individual transmitter 54 and 
ten receiver 53 toroid coils. The toroids are individually encapsulated in a dxelectnc 
material, each forming a "doughnut". The doughnuts are installed on the mandrel to 
form the receiver and transmitter toroid assemblies 51, 52. 

In Figs. 7a and 7b toroid coil assemblies 51 and 52 are assembled in separate 
pressure housings 90 moulded of the same dielectric as used in the other 
embodiments. The pressure housings are moulded with longitudinal holes 94 and 
slots 95 along its inside bore. The connector tabs 93 of the toroid assembles are 
inserted into the slots 95. The electrical connection between the toroids is achieved 
by the insertion of a connector "slug" 92 in the connection tab hole 94 as each toro.d 
is installed. This type of packaging eliminates the need for solder connections, thus 
reducing the possibility of failure under drilling conditions. 

This method of construction also allows the toroid assemblies to become an 
integral part of the centralised module assembly 25. In this embodiment it is 
necessary that the centralism 29 at the top of the assembly is manufactured from a 
conducting material such as metal or carbon fibre. A conductive path is then proved 
by metal passing through the centre of the toroid assembly, connected to the dnll 
) string by the conductive centraiiser. This may be similar to the arrangement shown m 
US 4,348,672 (Givler). 
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The embodiment in Fig. 7c is similar to the embodimen. described in Fig 7a 
and 7b with me exception ma, bom me receive, 51 and temsmifter 52 toroid 
assembbes are boused in a sing.e moulded pressure bousing 55 ,„ become an Integra, 
part of the centralised module assembly 25. 

The drill collar assembly in Figs. 7d to 7f for housing me above described 
embodrments comprise, a top annular sub 22 screw-rbreadedly engageable ,o me top 
of a standard driH coUar 81 ^ . botmm a^utar sub 22 screw^breadedly engaged 

embodunen* described above. Figure 7 e shows a cross-seerional view of Fig 7d 
whtch is made up of top and bottom msulanon subs 22 artd a standard stee, drill cottar 
81 havmg me receiver 51 and transmmer 52 toroid modufes tasked a,ong with me 
man, ele^ronics module 44 and me dam communicarions module 28. The top and 
bottom subs 22 are identical in construct and are moulded of dielectric, which has 
suttaMe mechanical strength, resiaance ,„ abrasion and didecttic properties, which 

i TT T " dri " ^ **** *" «"» «* - *A "ting 
U ft. embodiment me module assembly 25 is conc^nically housed in the bore of 

*e dnll conar. The modules are concentricauy mainlined and electticaUy isofcted 

^ <* ° f * «— » moulded o, resihen, dielecttic 

matenal. 
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The drill coUar assembly of Fig. 7f is similar .0 the aasemb.y described above 
«-* * drill co„ar S2 is moulded of dielecttic and the ,op and bottom subs „ are' 
made of sreel. The toroid modules 51 and 52 are the same as described above 

mod , ^ ab ° Ve * rtk " 1 — «" «— «« 

m od.de 55 of Ftg 7c replaces me individual receiver and Emitter toroid modules 
51 and 52 in module assembly 25. 

In Fig, 8a and 8b a transceiver .oroid assembly is formed fern receiver and 
tt—er roroid ttansformers. The tta^ceiver toroid assemmy is assembled in a 
pressure bousing * „, sinilar amstnKtim „ ^ ^ fe ^ ^ 

™T ,he:eXCeP,i0n U b — - - - a 

centta. hollow longtrndin, shaft 57 moulded down the eentte o, the housing. The 

.ong.tt.dma, hollow shaft ! 5 7 e*,ends ou,-wi.h bom ends of the pressure housm g and 
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contains grooves 64 for o-ring 62 and back-up ring 63 seals to isolate the housing 
from fluid intrusion. In substance the pressure housing becomes an integral part of 
the drill collar and drilling fluid flows uninterrupted through the hollow central shaft 
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The embodiment in Fig. 8c is similar to that described for Figs. 8b and 8c with 
the exception that the receiver and transmitter toroid transformers are assembled in 
separate housings forming individual receiver 58 and transmitter 59 modules. 

The drill collar and toroid assemblies in Fig 8d and 8e each comprise a top 
annular sub screw-threadedly engageable to the top of a drill collar and a similar 
bottom annular sub screw-threadedly engageable to the bottom end of the drill collar. 
Fig. 8d is a cross-sectional view of an assembly which is made up of insulation subs 
22 and a steel drill collar 65 having the receiver 58 and transmitter 59 toroid modules 
installed along with the main electronics module 44 and the data communications 
module 28. The top and bottom subs are identical in construction and are moulded of 
dielectric, which has suitable mechanical strength, resistance to abrasion and dielectnc 
properties, which electrically isolate the drill collar between the two subs from the rest 
of the drill string. In this embodiment the module assembly 25 is concentncally 
housed in the bore of the drill collar. The modules are concentrically maintained and 
electrically isolated from the interior of the drill collar by stabilisers 29 moulded of 

resilient dielectric material. 

The drill collar and toroid assembly of Fig. 8e is similar to me assembly 
described above, except the drill collar 66 is moulded of dielectric and .he top and 
bottom subs 19 are made of steel. The toroid modules 58 and 59 are me same as 
described above. 

In both of the above described drill collar assemblies the single transceiver 
module 56 of Fig. 8d replaces the individual receiver and transmitter toroid modules 
58 and 59. 

In operation, data acquired by the down hole module assembly 25 must be 
communicated to the surface system 50. This is accomplished by the transmit toroid 
assembly 52 inducing phase modulated alternating current in the dnll collar 23, 
riser/casing 12, and the drill string 20 for transmission to the surface system 50. The 
transmit toroid assembly 52 also induces em waves into the surrounding strata, water 
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(if on offshore locate) ^ te atoosphc which in these embodiments are also 
received by the surface system 

Data and operational commands must also be communicated to the downhole 
assembly via the surface system SO. His is accomplished, again, by us. of me drill 
' 2 ° ; CaSing * iser 12 **> <M collar 23 as ,he conductor of phase modulated 

alternating current for the pmpose of communication. Tie do™ hole system uses the 
recetver toroid assembly S2 to detect the transmitted data signals. 

The surface system SO is coupled to the drill string and riser/ casing via similar 
transceiver toroid assemblies as those in me downho.e system. The drill string 
transceiver toroid assembly 40 is mounted be.ow the rig rotary table allowing the drill 
stnng to be removed from or run into the wellbore without the neod of removing the 
toroid assembly. The riser/casfng transceiver toroid assembly 41 is also instelled 
be.ow the rig floor around the casing/riser and below any slip join, if one is used in 
the riser system. 

Optimisation of the communication system is accomplished in tins invention 
byte ability to continuously monitor the ever changing inhomogeneous environment 
m whtch i, operates and vary its operating parameters. The system can change its 
mode of tmnsmitter drive from an induction communication system te a Henzian 
dipole antenna system. 

Referring to Figs. 9a and %, the downhole system contents an elecuonic 
swnch HO. In induction mode, switch 110 eiecuically connecte the modified stee. 
dr., collar 23 fo the drUI steing above the isolation sub 22 and eiecuically connecte 
bom stdes of the transmitter toroid assembly 52 to the teansmitter outpute In this 
mode the phase-modulated alternating ctrrren. flowing through the tra^mirter tomid 
assembly 52 induces a current flow in to the dril. suing 20 which flows to the surface 
The alternating current flowing in the ttansmitter to™, assembly also produces 
alternating magnetic wave fronts that are transmitted through the surrounding medium 
to fhe surface. If the system determines from the date it has acquired while 
momtoring its electeica. environment that art alternative drive mode would be more 
effecv. 1, cao activate the electronic switch 1.0 and change from an induction drive 
system to a dipole drive system. 
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If the electronic switch 110 is activated and changes from the induction mode 
,„ me dipole mode (Fig. 9c) .he switch electtically connects me negative leg of the 
transmit toroid assembly 52 to me drill string 20 above the insulator sub and grounds 
the negative leg of the transmitter by connecting it to me drill suing be!ow me 
mo dified collar 23. In mis mod. me transmitter toroid assembly 52 becomes a toad 
eoil for me drill string 20 which ac* as a dipole antenna. In mis mode the phase 
modulated alternating current is also induced in.0 me drill string along with em wave 
fronts ,o transmit the data to the surface. The skilled reader wiU appreciate that 
"negative" and "positive" are nseti in this context merely to establish a conventton: 
the signals are a.c. only, and the polarity of components can also be reversed. 

Fig 10a shows how the surface system SO includes a master controller 
assembly 100, A data acquisition assembly 101, a drill stting transceiver assembly 40, 
a riser/casing transceiver assembly 41, and an EM wave receiver antenna assembly 
!04. The system also includes surface data sensors 105, a satellite positioning system 
106, and several input 10$ and output 109 devices. 

The master controller assembly 100 controls the overall operation of the 
surface and downhole systems. A high speed computer provides the operauonal 
control, and all its operating peripherals (no. shown) corttained within me assembly 
and interfaced wim me other assemblies in weU known methods in tire industty. The 
ntaster controller also contains a system clock circuit which functions in the same 
manner as the down-hole system clock as previously described. 

The assembly 100 generates all command signals and pre-programmed 
instructions for the operation of tire down-ho.e system. The command signals can be 
ntanually entered via me input devices 108, such as a keyboard, voice recognition 
circuitry or touch sensitive visual display units. The master conttol.er assembly 100 
also interfaces to various surface dam acquisitions systems 107 for integration of all 
drilling data, both surface and down-hole for display, storage, and communication «o 
remoie locations via me ou«pu. devices 109, such as rape or disk drives, pnnrers, 

5 plotters, visual display units or modems. 

The master controller assembly 100 controls the operation of the telemetry 
system, contained in the data acquisition assembly 101, in a similar manner to the 
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pass verification the circuit then merges the three strings to see if a complete data 
string can be formed which will pass verification. 

The functions of data acquisition assembly 101 include transmitting 
instructions and data to the down-hole system, detection of data from the down-hole 
assembly, and processing and converting the data received from the down-hole system 
into a format suitable for output to the master controller assembly 100. Also the 
assembly measures such surface parameters as mud pump strokes, standpipe pressure, 
weight on bit, rotary table rpm, rotary torque, bit depth, and well depth. The master 
controller assembly 100 controls the data acquisition assembly 101 functions. 

The drill string transceiver assembly 40 consists of a transmitter and receiver 
toroid assembly similar to the down-hole assembly described in Fig. 6e-6f but is 
constructed of such physical size as to allow the drill string to pass unobstructed 
through the centre of the assembly. The assembly functions as described for the 
downhole system. The assembly is installed below the drill floor and under the rotary 
table in such a manner as not to obstruct normal drilling operations. 

The casing/riser transceiver assembly 41 is similar to the drill string 
transceiver assembly 40 but is constructed of such physical size and in such a manner 
as to allow it to be installed around the casing or riser. The assembly functions as 
described for the downhole system. When the assembly 41 is installed around the 
casing it maybe located either above or below the blow-out preventers. When the 
assembly is being installed around the riser it is preferably installed below the shp 
joint if the assembly needs to be installed above the slip joint, electrical contmmty 
should be obtained somehow between the top and bottom portions of the slip joint. It 
will be appreciated that the casing provides a relatively smooth conduction path for 
signals, once they are coupled into the casing, compared with the drill pipe, which has 
m any impedance discontinuities caused by the heavy joints. Accordingly, detectmg 
signals from the top of the casing provides much of the benefit of the transceiver cods 
which MacLeod places at the bottom of the drill string, without the expense and 

difficulties involved. 

Both toroid assemblies 40 and 41 can be constructed in two halves, hinged or 
otherwise connected, for ease of installation around the drill string and casing. 
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The EM wave receiver antem* assembly 104 consist of „. mdially extended 

, msulated electrical conductors as shown in Fit 2 n, a . 

...... , nown m 2 - The conductors may for example 

be hud dnecdy upon the ground (for on-land locauons), or be snapped te the hand 
ra,.s around me petimeter of an offshore drilling rig orpiatfotm. Although the radial 
— g am* are iocated around the driUing rig or platform, they are no, in efecrica. 
contact with the drilling rig or platform. 

The subject intelligent EM telemetry system,formed by the surface 50 and 
down-hole assemblies' 112, pmvides me communicadon link for hansmission of 
»mmand and dam si**.* belween me smface and downhole environment 
O»mmumca»on * accdmpHshed using an optimised earner fluency signal quadra- 
phase modulated wi«h date signafs contenting command and/or date. Outer coding 
schemes are p^e, and ore type of coding may be adapdve so as to optimise dafa 
mte under varying condition, The carrier signals am conducted between the surface 
da* acqmsmon assemb,y 101 and do„n-ho,e data communication module 20 to 
driferen, extents via Ore conductive drill s«ng arm me surrounding media The 
^ of me c^ersigtta. is sheeted vUdre system ftom a range of fmquencies 
between 2 H, and 100 H* to „«se, arienuauon ma, normaUy mcmases as me we!, 
depd, mcreases. Aiso,4e system selects me opomum drive mode of the hansmitter 
matehes the h^smtoef drive impedance to me conductive media impedance, and' 

noise on the transmitted signals. 

^ The dam signais encoded onto me carrier fteqnency by ^ 
-embly am reeved, Fig. 10 b, by dre surface date acquisition assembly 20 through 
*c recetver mroid assemblies 4, and 4, and abo via me em wave teceiver ante Ja 
The srg^am inpu, inte the receiver cimuiby U3 and 114 through a shun, circuit 
11 and a drgtfal frequency specbrtm analyser circuit ,1. » ae ^ 
114. The shun, oircui, i U annates me reived signal, to avoid overdriving me 
-etvern during fhe surmce system, measuremen, of me telemehy pafh, impedance 
kve,. The master contmher assemb.y ,00 con«ro,s me use of me shun, cimui, 1,1 
The master conhoher ,00 bypasses me shun, oircuihy 11, ^ ^ sur6ce ^ 
= date hom «he Whole system: The digite, frequency specntm ana.yser 
1.6 monfors background elecfrica! noise of me telemehy pa,h during non- 
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transmission periods to optimise the receiver filters band width. The master controller 
assembly also controls this process. The signals are amplified, filtered, demodulated, 
verified, decoded, and converted from analogue to digital output, by the receiver 
circuitry 113 and 114 in the data acquisition assembly 101, for use by the master 
controller assembly 100. The data string verification circuitry 115 functions as 
described above. 

Fig. 11 shows the receiver assembly in more detail. This contains a shunt 
circuit 111, a dual digital passive bandpass filter 130, a pre-amplifier 131, an 
automatic gain controlled amplifier 132, a digital variable bandpass filter 133, a 
second stage automatic gain controlled amplifier 134, a second stage digital vanable 
bandpass filter 135, a phase locked loop 136 for demodulation, a third stage automat* 
gain controlled amplifier 137, a data string verification circuit 115, and an analogue to 
digital converter 139. Functionally, the carrier current generated and modulated by 
the downhole assembly telemetry system is sensed at the surface by the recetver 
toroid assembly in the two transceiver toroid assemblies 40 and 41 and the EM 
antenna 104 and directed to the dual digital passive bandpass filter 130 via the shunt 
circuit 111 and the digital frequency spectrum analyser 116. The shunt circuit and 
digital spectrum analyser functions as described above. The passive filter 130 
removes the frequencies of background noise in a frequency range determined by the 
master controller assembly 100. The signal is then passed to the pre-amplifier 13 1 for 
amplification. Next, the detected signals are passed through an automatic gam 
controlled amplifier 132, a digital variable bandpass filter 133 for a frequency range 
determined by the master controller assembly 100, a second stage automatic ga.n 
controlled amplifier 134, and a second stage digital variable bandpass filter 135 that 
also has its frequency range determined by the master controller assembly 100. 
Finally, the signals are passed through a phase lock loop 136 for demodulations fluid 
stage automatic gain controlled amplifier 137, the data string verification crrcurtry 
115, and an analogue to digital converter 139 for input to the master controller 
j assembly 100 for processing, storing, and displaying. 

Command and/or data signals obtained by the master controller assembly 100 
via the input devices or surface sensors for communication to the down-hole system 
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are processed and coded for rransmission by the master controller assembly 100 The 
master controUer assembiy ,00 sends the coded data and instructions ,o the 
tiansnntter circuitry, Fig. ,2, „ me date action assemMy. The code date is inpu, 
.mo quadra-phase shift moduiator 124 ma, mediates a variable freque^y oscilUtor 
123 ma, produces thecamer deKnntae<J „ y ^ ^ ^ ^ ^ 

telemetry sys,ems. Next, me coded carrier frequency is taput tato . variablc 
o«pu, power amplifier 121 ma, booste fte power to the level detennined by the 
master eonfroUer assemb.y 100, men passes through «he variaMe impedance matehing 
dcv.ee 120 and drive mode switeh 110 ,o the tmnsmifter toroid assembhes * the 
dnUs^^andeasmg/riser^ Wceiver.sembHes. An omput power sensor 125 
monrtors ,he power ,eye, of me transmitter ou^u, across the impedance matehing 
dev.ee 120, which in mm, is continued by a vaxUble power ou«put continue. 122 via 
the master controller assembly. 

Impedance matehing device 120 may comprise for example a variable tep 
transformer. Alternadvely, a further se, of toroidal cons co„,d be provided 
-.tehable between different series * pamfie. configurations, ,o ma,ch the impedance" 
of me medium ,o ta of the drive circuit The down-hole communication system is 
functionally similar ,o the surface communication sysKm facluding fc ^ for 
teccving me modulated carrier signal, containing surfheo date and command 
mictions, generated by me surface communication system hansmitter The 
downhole sys,em a!so includes a transmitter for generating modutaed carrier signals 
contenting downho!e date measurements for tiansmission ,o surface system The 
downhole system uses only one of the hunseeiver embodimente described in .his ,ex, 
for communication with the surface. 

Operation of ,he system described above will now be described in deteil 
The central elecnonics module in una embodiment seleote the ,ype of 
«~r drive system,™ be used and dectionicaHy switches ,he teansmitier .oroid 
assembly from an induction drive method ,o a vertical dipole meftod. 

When ,he sys,e« is in tte induction drive mode, bom leads of ,hc Uansmi, 
<om,d assembly are electiicaUy combed to me .ransmirter outpu, and an a,tema,i„g 
curren, K caused ,„ flowihrough ,he temid wirings whic* develops a magnetic field 
■nducng an orating cunen, i„ ,he dril. colter. ,f a high resistivi.y f OI m atio n is 
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encountered below the transmitting toroid assembly, the strata below may not act as a 
ground plane, or return current path. The drill stting may then be treated as a verttcal 
dipole That is, the module connect, the "negative" lead of the transmit toroid to the 
drill string above the top insulator sub and connects the "negative" output of the 
transmitter «o the drill suing below the bottom insulator sub, that is of a different 
electrical potential difference, thus forming a dipole antenna circuit The dnll stting 
then acts as a dipole antenna and the transmit toroid assembly acts as the load cod for 
the antenna. Thus the alternating current output of the transmitter flows through the 
transmit toroid assembly directly into the drill stting above the top insulator sub and 
• the surface for reception. As the alternating current flows through die transmtt 
toroid assembly it produces alternating magnetic waves which are induced mto the 
surrounding medium and propagated to the surface for reception by the surface 

horizontal dipole antenna system. 

In both drive methods the telemetty signal path flows though the drill string 
above the top insulator sub to tire surface, through the rig earth ground, and lastly 
through tire earth sttata to the bottom section of tire drill stting below the bottom 
insulator sub, thus forming the completed circuit 

The drill string (signal path) can be modelled as a transmission line, or rather a 
series of transmission lines, with a characteristic impedance mat varies from medtum 
,o medium. One of tire major influences on the Unpedanoe in tire telemetty signal pad, 
is tire lengttt of drill stting below the transmit toroid assembly. As the down-hole 
measuring system is by its nature located as near ,0 tire bit as possible, this length can 
be quite shot Research earned on. has shown that even for a telemetty signal path of 
otherwise low characteristic impedance, a short length of drill stting below the toro.d 
can resuU in high drive impedance. .« can be shown that tins drive impedance ts 
primarily resistive, so that the impedance of tire length of drill string below the 
transmit toroid assembly can be determined mathematically. 

The central electronics module in the embodiments matches tire impedance of 
the transmitter outpn, to tine impedaoce of the telemetty signal path for tire selected 
, drive mode. If the module selects the induction type drive as the optimum mode the 
nrodule then .matches the impedance of tire section of drill string below the top 
isolation sub to the transmitter output. This is reunited for the module to select tire 
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optimum power output of the transmitter, and to ensure that the transmitter is 
impedance matched to the telemetry signal path impedance. The central electronics 
module is pre-programmed with well known electrical formulae for calculating 
impedance, and the length of the drill string below the transmit toroid is input into the 
5 prior to it being run into the well bore for use in the impedance determination. 

The module also matches the transmitter output to the remainder of the 
telemetry signal path by use of the measured telemetry signal path impedance as 
descnbed above. Further research has shown that the telemetry signal path impedance 
can vary from fractions of an ohm to several thousand ohms. Thus the 
10 communication module uses a variable impedance matching device, either tapped 
transformers or series/parallel connection of a number of coils (for example toroids) 
to match the impedance of the transmitter and transmit toroid assembly to the signal 
path. If the dipole drive mode is selected, the impedance matching procedure is the 
same as described above except that the matching of the section of drill string below 
1 5 the bottom insulator sub is not required. 

The attenuation factors that can be tolerated by the telemetry signals are 
dependent on the power available in the transmitter. The transmitter power required 
depends upon the drive impedance and the signal amplitude required by the receiver at 
a grven carrier frequency. As successful data telemetry is dependent on the 
:o transmitter's ability to deliver power to a wide range of impedances, from fractions of 
an ohm to several thousand ohms, the transmitter power in these embodiments can be 
vanedthrougharangeof 1 wattto2.5kW. The central electronics module selects the 
transmitter output power over this range. 

The adaptive setting of transmission parameters will now be described As the 
5 telemetry signal path electrical environment is inhomogeneous and continuously 
changing the carrier frequency must be able to function over a large range of 
attenuation factors. In such an environment it has been found that only very low 
frequencies can successfully operate under such conditions. Telemetry 
commumcation is accomplished in the present embodiments by using a transmitter 
and receiver that are operable over a range of frequencies between 2 Hz and 100 Hz to 
offset the range of attenuation experienced. The attenuation normally increases as the 
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well deepens; thus the carrier frequency is normally decreased to offset the increased 
attenuation. 

Refering to Fig. 13, the downhole electronics module selects the optimum 
carrier frequency by first measuring (S1302) the signal path attenuation, as described 
previously in relation to the tenth aspect of the invention. Using this result and a set 
of rules that may be embodied in a look-up table, the module selects (S1304) an initial 
frequency from a set of predetermined frequencies. The downhole transmitter then 
transmits (S1306) then begins transmitting at the selected frequency, with, say, half 
maximum power. During this time, the surface receiver is scanning and listening for 
the transmitted signal at all frequencies, and the downhole receiver is listening for a 
response, at the same frequency as is selected for transmission (later, the up- and 
down-hole transmission frequencies may be optimised to different values). As soon 
as the surface receiver locks on to the signal from downhole, it signals (S1308) the 
quality of the signal to the downhole system, and an optimisation process begins. 

If no response is received from the surface within a preset time, the downhole 
module implements a sequence of adjustment to improve signal strength at the surface 
step by step until a response is received. The first stage of this process is to increase 
power in relatively large steps, while staying at the selected frequency. If no response 
is received despite the increased power, then a second stage adjustment is made, 
reducing the frequency in a large step, and then increasing power again if no response 
is received. These measures are repeated until the surface system eventually locks on 
to the signal and its reply is received by the downhole system. 

Once two-way communication is achieved between the surface and downhole 
systems, a frequency optimisation process is implemented (S1308-S1314). This 
involves the downhole module sweeping a selected range of frequencies either side of 
the selected frequency, through a predetermined frequency interval, and determines 
the frequency at which the surface receiver measures the maximum signal amplitude 
for a given set transmitter voltage output. The module then (S1316) sets the 
transmitter frequency to the optimum frequency to be used as the carrier frequency, as 

instructed by the surface system. 

Next, a power optimisation process is implemented (S1318-S1326). The 
downhole module then commands the transmitter to sweep the range of power outputs 
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whde the surface system monitors the signal amplitude and signal-,„-„„ is e rotio to 
determme the optimum power output for signal ttamanission. At «be conlcusion of this 
process, surface system sends (S1328) a command signal to me dotvnhole system 
**en an acceptable signal amplitude and/or signal-to-noise ratio is achieved. The 
5 central electtonics module men commands me transmitter to use ma, particular power 
omput for transmission. An optimum power setting below me maximum available is 
preferable ,„ avoid possible component faihue due to factors, such as hea, damage 
c^ed by long teIm operation at high pavers. In tire even, ma, a useable signal' 

> frequency interval and re-commences me optimisation process. 

In me even, thai optimisation is no, oMained within the selected frequency 
n conttol passes from step 81312 or S1324 to step S.330, where a new 
frequency interval is selected, and the optimisation processes repeated. 

The centtal electtonics module continuaUy optimises tire telemetty pammeters 
dunng operation. A flowchart for die optimisation process is shown in Fig ,4 For 
example, when the centtal ebonies module detennines «hat me carrier fluency 
reqmres changing to experience iess attenuation and/or provide a better signaMo- 
ttotse rntio the module ttansmits (S,402) notification to me surface system ma, i, is 
gomg to sweep me carrier frequency range. I, commands me downholc ttansmittcr to 
sweep me catrier frequency ronge and fte surface sys,em monitors tite signal leve.s 
detected for detenmning me easier frequency having me groa.es, signs, amplitode 
and/or me best signaj-to-hoise ratio (S1406- S i4f2). The surface system men (S1414) 
commands the down-hole system to utilise ma, particular froquency for the carrier 
signal. 

The respective surface receiver and down-hole unnsmitter can also selec, the 
optimum telemetty carrier frequency, also Ulusttated by flowchart in Fig 14 For 
example, m a "surface interrupt routine", me surface receiver detect (S1416) low 
signal amplitude and/or sjgnal-to-noise ratio. It then (S 141 8) sends a command to tile 
down-hofe system to sweep a range of frequencies while i, monitors to received 
stgna, pammete. to identify me frequency which produces me desircd 
parameters for optimum operation. The processing is titen me same (S1404 etc) as if 
the downhole system had initiated me froquency sweep. The surface system notifies 
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4. down-ho.e system of tha, frequency and «he centra, electronics module seu : «he 
emitter carrier frequency to that optimum frequency. Tnis metirod can be used by 
ft. system for optimising each variabie parame^r of the telemetry system. 

Simiiar optimisation procedures can be imp.eme.ne4 for the surface-.o- 
downho»e communication, Of course, other protocol for optimising commuication 
parameters are readily conceivable. 

,f the telemetty system is swhched to the dipo.e drive mode, the centra! 
decides module can also determine tire optimum carrier frequency for tins dnv. 
■node by sweeping a range of frequencies a, a set transmitter power output and 
determining at what frequency the maximum receiver voltage is detect Tire - 
efficient carrier frequency for the dipole drive mode is the resonant frequency or timed 
frequency for «he drill suing under the particular conditions existing a. tha, time. 
The centra, electronics module downho.e also stores the attenuation, signal amp Utude, 
signa Mo-noise ratio, drive itnpedance, power outptd, and optimum frequency data m 
, memory to form a telemetry dautbase. The system wmdd then use mis darabase o 
select a carrier frequency as a starting point, for known telemetiy srgnal pad, 
peters, and sweep by a se, frequency range either side o, tire selected frequency 
Z fine tune tire optimum carrier frequency. An additional benefit of tins sy«em rs 
«W from me operating da. tirus accumulate* a know.edge base of operadng 
o conditions may be buih aUowing the quick and safe operation of equipment >n a 

variety of conditions. 

Switching between dipo.e and induction modes could in theory be effected as 
another variab.e in such optimisation processes as are described above for frequency 
^ power optimisation. In tire present embodiment, however, tine tinnsm.ss.on mode 
25 is decider, separate*, in response ,o measure* paramo of tire environment 

particuUr, if a high-resistivity formation is encountered by the dnU *U « - be 
predicted tha, me dipo.e mode w.,1 soon become unfavourab,e. This rs because *e 
dipole antenna relies on me conductive "ground plane" provided by me surroundmg 
strata. In such circumstances, the system can be switched, by manual command or 
30 automatically, to the induction mode. 

Nonnal transmitting operation may be in.emrp.ed a, any time to allow for the 
emission of urgent messages. This may occur, for exam P .e, when a safety modu.e 
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detects hazardous gases or dangerous operating environments. A high priority can be 
asstgned to such messages in me «,nunu„ication protocols. Moreover, in addition to 
«n*ng the HH alarm, me downhoie system may aher me priorities of other 
message types to provide better monitoring of the safe* situation, for so long as the 
hazard continues, or unti, the atam condition is cancelled from the surface. Such a 
feature can be implemented in telemetry systems, independently of me other feamres 
of the present embodiments, described above. 
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, AdownhoIeappara.usforprovidtogda.aconununicaaonbyelecttomag^c^M) 
raduttion between a downhole location and a surface stetion, «he downhole apparatus 
including means for transmitting data from beoeadt the surface of the earth to a rece-vnrg 
station, and means for receiving data transmitted by me surface station, herein separate 

2 . Adownholeapparatusasclaimedinclaim 1 wherein me transmit coil comprises a 
plurality of coils connected in parallel. 

, . j . . i _ r 9 wherein said receive coil comprises 
10 3. A downhole apparatus as claimed in claim 1 or 2 wnerem s<u 

a plurality of coils connected in series. 

4 A downhole apparatus as claimed in claim 1 wherein the transmit coil comprises . 
pjurahty of individual coils connected in parallel, the receive coil comprises a pluraltty of 
Lividua. coils connected in series, aU the individual coils being of identical consttuctton. 
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5 Adownho.eappamtusasclaunedmanyprece^^ 

arranged to be aligned with the axis of an electrically conductive drill sttrng. 

, • a -~ ^lo'tm s wherein said transmit coil is arranged to 
20 6. A downhole apparatus as claimed in claim 5 wnerem saia 

be electrically connected to said drill string. 

• . ,„• c w h^rein said transmit coil is arranged to 
7. A downhole apparatus as claimed in claim 5 wherein saw xran 

be electrically isolated from said drill string. 

25 

g A downhole apparatus as claimed in claim 7 adapted for inclusion in a drill string, 
said electrical isoiation being provided by a dielectric material arranged to form the enfre 
tnechanical connection between the apparatus and other elements of the dnll stnng. 

selecting a first mode wherein said transmit coil is Oecttically connected to satd dnh stnng 
and a second mode wherein said transmit coil is electrically isolated from satd dnl, stnng. 
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10. A downhole apparatus as claimed to Cairn 9 further comprising control means for 
operating said selection moans to switch modes during downhole operation. 

■ 11. A^^kappamnKascIain^toclaimlOwhemtosaidcon^ln^tocludes 
means for operating said selection means automatical* to response to environment- 
dependent conditions detected during communication. 

12. A downhole apparatus as claimed to any preceding claim wherein said transmit coU is 
a toroidal coil. 
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13. A downhole apparatus as claimed in any preceding claim wherein said receive coil is 
a toroidal coiL 



14. A downhole apparatus as claimed in any preceding claim 12 or 13, wherein a 
15 cyhndrical conductive shield is provided within the bore of said coil. 

15. A downhole apparatus as claimed in any preceding claim further comprising means 
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for detecting environmentidependen. conditions and means for adjusting at leas, one 
Parameter of the transmitting means to response to said conditions. 

16. Adownholc apparatus as chimed claim 15, whereto said detecting means includes 
mea™ for analysing sig^ls emitted by said transmit coil and detected by said revive coU. 

_ 17. ^"nholeappara^asclatoedtoc^ 

means is responsive to command signals receive from the surface station by said receiving 
means. & 

18 A downhole apparatus as claimed to claim 17 whereto said parameter adjusting means 
mcludes means for autonomously implementing a parameter adjusting seonence to esrablish 
30 enmmumcation with toe surface station to toe absence of said command signals. 

19^^ Adownholeappamtesasclaimedtoanyofclauns .5 to 18, wherein said parameter is 
transmit power ; 
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drive impedance; 
carrier frequency; 
modulation type; 
data coding; and 

dipole versus inductive drive mode. 

20 Aoo^umcatosys^includingado^oleapp^^olaimcdinolaim Uor 
W in common with a surface shrfon, wherein said detecting means includes means at tire 
^ce station for analysing signal emitted by said transmit coil and received a, or near the 
^ snd said parameKr adjusting means is responsive to farmer signals recetved from the 
surface station by said receiving means. 

21 A system as claimed in claim 20, wherein said analysing means at the surface is 

cim^k received bv plural reception antennas m order to 
arranged to receive and compare signals received oy piui v 

control the adjustment of said parameters). 

22 . A system as claimed in claim 21, further including said plural antennas, the antennas 

comprising two or more of: 

a coil surrounding a drill string on the deck of a drilling rig; 
. a coil surrounding a riser casing below the deck of a drilling rig; and 
. ahorizontaldipoleantennacomprisingaconductorextendedgenem 

surface. 

23 A downhole apparatus for providing data communication by electromagnetic (EM) 
radiation between a downhole location and a surface station, me downhole apparatus 
inching means for tiansmUting da. ftom beneath the surface of me earth to a recetvmg 
station, wherein transmit coUs are provided for said transmitting means, the transrm, cod 
comprising a plurality of coils connected in parallel. 

2 4 An apparatus for use in emitting data by electromagnetic (EM) means between a 
dowfaole location and a surface station comprising a transmit coil arranged to be ahgned 
with the axis of an eleOricaUy conductive drill pipe, the apparatus farther compnsmg 
setection means for selecting between a firs, mode wherein said transmit cot. ts e.ectncally 
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connected to said drill string and a second mode wherein said transmit coil is electrically 
isolated fiom said drill string. 

25. A downhole apparatus for providing data cornmunication by electromagnetic (EM) 
radrahon between a dowohole location and a surface station, wherein a transmit coil is 
provrdeo for transmitting da* to me surface station, me apparatus comprising means for 
detecfcng envuonroent-dependen. conditions and means for adjusting a, .east one parameter 
of satd transmitting means in response to said conditions, said detecting means comprising a 
tecetve coil within the downhole appamus, close to but separate from the transmit coil and 
means for analysing signals emitted by said transmit coil and detected by said receive coil. 

26. A downhole communication system comprising a downhole apparatus and a surface 
station, for providing dam communication by electromagnetic (EM) radiation between a 
downhole location a*, the surface, the downhole apparatus comprising data transmitting and 
™ g means, me system including me** for detecting envirorunent-dependen. conditions 
and means for adjusting a, lea* one parameter of said transmitting means in response ,o said 
conditions, wherein said detecting means are provided a. the surface station for analysing 
srgnals emitted by said transmit coi, and received a. or near the surface, and said parameter 
adjusting means is arranged to respond to fiuther signals received from tire surface station by 
said receiving means. 

27. A system as claimed in claim 26 wherein said detecting means is arranged to receive 
and compare signals received by plural reception antennas in order to control the adjustment 
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of said parameters). 
28. 



An apparatus for receiving data signals transmitted from a downhole location by 
electromagnetic (EM) radiation, the receiving apparatus including a coil surrounding a riser 
casing below the deck of a drilling rig for the reception of said EM radiation. 

30 29. An apparatus for receiving data signals transmitted from a downhole location by 

electromagnetic (EM) radiation, the receiving apparatus including a horizontal dipole antenna 
compnsmg a conductor extended generally parallel to the surface. 
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